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Introduction
Each unit of territory is defined according with its endogenous resources, economic profile and socio-economic issues which are criteria associated with their development level and identity features. The territorial units that organize the country in political and administrative terms -parishes and counties -have a hierarchical structure, which reflects the organization of productive and social activities. The success of development policies addressed to territorial agglomerates depends on its homogeneity and of their territorial units. According to Fischer (1980) , a homogeneous region is a set of spatially contiguous areas, which show a high degree of similarity regarding a set of attributes.
In Portugal, the policy makers has discussed, and approved, a new territorial administrative organization, of parishes and counties 1 . Some of the main purposes of this reform, are, inter alia, promote territorial cohesion and local development; improve and develop local public services as well as promote economies of scale, efficiency and critical mass in the parishes and municipalities. 2 In the end of this reform, there will the reduction of the number of parishes. This is can be stated as a districting multi-criteria problem where elementary units of territory are aggregated into clusters or larger districts and a district map or partition is produced (Tavares- Pereira, 2007) . The districting approach has been widely used to treat several kind of problems related with the definition of electoral districts 2009) , working zones for a travel salesperson team (Zoltners and Sinha, 1983) , areas in metropolitan internet networks for installing hubs (Park et al, 2000) , areas of manufactured and consumer goods (Flischmann and Paraschis, 1988) , school districting (Ferland and Guénette, 1990 ) and electric power zones (Bergey at al., 2003a ).
According to Tavares-Pereira (2004) these kind of districting problems are frequent in real world and involve multiple criteria, which are often incommensurable and conflicting.
The districting problem can be stated as the partition of the territory into homogeneous clusters assessed by multiple criteria. The result is a set of homogeneous districts or areas, which are composed by elementary units of territory. Each district is associated to a set of constraints, such as technical, economic, ecological, social and others. According to constraints considered and criteria used in the assessment process, different solution or maps can be obtained. Thus, "the best solution" will be probably a compromise or a non-dominate solution in which the improvement on a criteria leads to a worse result on at least one of the remaining criteria.
The territory partition problems that led first to using scientific methodologies were the electoral districting problems where the main purpose was the construction of political districts generated by impartial processes (Mehrotra, 1998) . Vickrey (1961) presented one the first works made about this topic, where is described the heuristic process used for constructing a zone. Hess et al. (1965) , were the first to propose a mathematical programming model which states the districting problem as a location/allocation problem. However, the problem of salespersons is that about more works have been made. Generally the main objective is balancing the workload among different zones (Easingwood, 1973; Hess and Samuels, 1971; Shanker et al., 1975; Zoltners and Sinha, 1983 ).
In the four last decades many new developments and applications about aggregating areas into homogeneous areas through districting problems have been made and new challenges have emerged (Duque et. al, 2011) . One is the need to have simpler and systematic frameworks that allow aggregate areas into homogeneous regions by allocating elementary units of territory to districts and determining the number of districts and of units of territory in the sequence of merging or partition processes.
Facing to that, this paper aims to propose simpler and systemic districting framework, which involves multiple criteria and exact algorithms to generate the nondominate efficient solutions. A multi-criteria programming model for allocating elementary units of territory to districts is developed and the attributes of the multiple decision criteria are found considering the level of correlation between the different socio-economic variables involved. The model is applied to a set of parishes in the Alentejo Central region, southern Portugal, with the purpose to find the structure of parishes that lead to a more efficient development process.
The remainder of the paper is organized as follows. The proposed general framework is presented in the next section. The attributes of multiple criteria are established in Section 3. The formulation of a multi-criteria programming model is presented in Section 4. Results are presented and discussed in Section 5. Finally, in Section 6, the main conclusions and suggestions are provided.
General framework

Political and administrative territorial organization
The country political and administrative organization reflects historical reasons but also the distribution of the population, the urban structure and the economic and social activities across space.
The theories developed in the field of economic geography (eg, Cantillon in 1730 or later Christaller in 1933; these studies, among others, are described in Simões Lopes, 1984) , clearly show the association between the hierarchical structure of urban places and labour needs of productive activities. The management structure of the State is not disconnected from the way the population and productive activities occupy the territory.
The administrative Portuguese political system has its origins in the nineteenth century (Pereira, 1995) . Currently, the administrative structure maintains features of 
Districting problems
The techniques used in districting problems can be based on the concept of division, in which the territory is considered as a whole and is devised into pieces, or based on the concept of agglomeration, in which the territory is composed by a set of elementary units (Cortona et al., 1999) . The districting problems can involve only one criterion, such as voting potential equality or workload equality (Grafinkel and Nemhauser, 1970; Hess et al., 1965; Hojati, 1996) , or multiple conflicting criteria (Bergey et al. 2003a; Bourjolly et al., 1981; Deckro, 1979) . The criteria can be used according to a fixed hierarchy reflecting the decision-maker preferences or integrated in a mixed objective function. The type of approach can be classified in exact and non-exact algorithms (Mehrotra, 1992; Bergey, 2003b; Muyldermans et al., 2002) .
In this case, a technique based on the agglomeration of elementary territory units was chosen. The agglomeration of territory units into homogeneous districts was treated by a host of authors that have focused on spatial continuity of territory units, ways to measure territorial homogeneity and strategies to explore the solution space efficiently and to check its feasibility (Byfuglien and Nordgärd, 1973; Lefkovitch, 1980; Ferligoj and Batagelj, 1982; Legendre, 1987; Murtagh, 1992; Maravalle and Simeone, 1995; Gordon, 1996; Wise et al., 1997; Hansen et al., 2003; and Duque et al., 2012) . One of the main challenges of these works was the definition of the number of regions that should be created.
In order to address those issues in a simple and systematic way, this paper considers an analytical framework based on the max-p-regions problem of Duque et al. (2011) . The max-p-regions problem is a formulation that involves exact algorithms to generate non-dominate solutions, in which n territory units are aggregated into a maximum number of districts ensuring that each district satisfies an imposed minimum threshold value (th). This threshold value is a predefined spatially attribute, such as district population, district surface or other district feature.
In this approach the number of districts is modelled as an endogenous variable and in opposite to other existing approaches, the spatial contiguity constraint is satisfied without imposing constraints on the shape of districts, such as the maximum compactness. Thus the max-p-regions model is a suitable tool to be used in applied analysis without subjectivity in the definition of both scale (number of districts) and aggregation of elementary territory units (shape of districts). According to Duque et al.
(2012) the max-p-regions formulation is presented below. Considering as evaluation criterion for a feasible partition P p ϵ П the heterogeneity of district k with R k ϵ P p and the total heterogeneity of partition P p ϵ П are respectively:
Thus, the max-p-region can be formulated as:
Compared with the max-p-regions approach of Duque et al. (2012) , the approach proposed in this paper considers multiple criteria related with socio-economic profile of the elementary territory units for assessing its dissimilarity. Thus, the proposed general framework is preformed in three steps as it is shown in Figure 1 .
Figure 1. General framework steps 33
Step 1 respects the identification of homogeneity criteria for assessing dissimilarity between territory units. This is based on casual relations that can be established between independent and dependent variables that are the most important in the definition of the development level and socio-economic profile of territory units. In the step 2 an exact formulation of the districting problem is performed based on the max-p-regions Step 1 Identification of the homogeneity criteria
Step 2 Formulation of the districting problem
Step 3 Efficient district maps approach. The model developed maximizes number of districts composed by contiguous territory units and simultaneously minimizes its dissimilarity. Finally in the step 3, the general framework comprises the simulation of different imposed thresholds of predefined spatially attributes and hence the construction of efficient district maps.
The attributes of multiple criteria
Edmonton's municipal electoral districts in Canada are defined based on a set of socio-economic criteria which includes population equality among districts, future growth, community league boundaries, compactness, communities of interest, least number of changes and contiguity (Bozkaya et al., 2011) . In their original work, modelled the districting criteria into a weighted objective function, which formulation included the minimization of district population deviation from average, compactness, socio-economic homogeneity, similarity to the existing plan and maintenance of the communities of interest.
In order to test the research hypothesis that the spatial clustering of urban localities helps to explain their population growth, Portnov and Schwartz (2009) used data on Europe's settlements. Multiple regression analysis, using both least square and spatial lag models, was applied to assess the effect of several factors on the annual population growth of urban localities. The annual population growth was treated as the absolute rate of population growth per 1000 residents and in a standardized way, as the difference between the local population growth rate and that of the whole country. As explanatory variables of annual population growth, it was considered the following factors: local population size (ln); distance to the sea shore (Km); distance to the major city (Km) and the interaction term between a place's latitude and its elevation above the sea level.
In our case to establish the multiple criteria for assessing the dissimilarity between territory units, it was considered the effect of several factors on the local development, having simultaneously into account the available data at parish level. Thus as a proxy of the development index of elementary territory units (parishes) was considered the population growth rate between from 2001 to 2011, i.e., the population grow rate between the last two census and to chose the multiple criteria of dissimilarity was determined casual relationships with several factors through multiple linear regression analysis, using the least square model.
Casual relationships between dependent and independent variables with high statistic significance levels allow identifying the variables that better explain the development index and hence those that could be also chosen as attributes of homogeneity criteria that will be used latter in the max-p-regions model to assess the dissimilarity between territory units.
The analysis started with the multiple linear regression analysis between population growth rate (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) and the set of explanatory variables presented in Table 1 . Explanatory variables can be grouped into the following four types: territorial variables; population structure; population qualification; and economic indicators, which measure the intensity of the economic activity. After one has to be checked the hypothesis of linear regression, namely, linearity, normality and co-linearity, an analysis to estimated coefficients and respective values of standard deviation was performed. In order to reduce the number of explanatory variables and hence the multiple criteria to be used to assess the dissimilarity between territory units, the correlation between explanatory variables was calculated and the t student statistic and hence the statistical significance level of coefficients were evaluated. Thus, the variables with lowest significance level were deleted from the model and a new regression was established between the population growth rate and the new set of explanatory variables. The explicative power of both regressions was assessed using R, R square and adjusted R square. This procedure is an interesting advantage of this framework, once it allows choosing multiple criteria based on the variables that are the most related with socio-economic profile of each territory unit.
The study we develop derives from the data collected for the parishes of a set of counties of Alentejo Central, around the municipality of Évora. The units of data collection (parishes) are listed in Table 1 -A (in annex).
The multi-criteria max-p-regions model
The general multi-criteria program can be written as follows:
:::
where, x is the vector with n decision variables; X is feasible region of the decision space; m is the number of criteria; f is a real function defined ; z is a criteria function value; "max" is the sense of the optimization meaning in this case the purpose is to maximize all criteria simultaneously; G is a vectorial function composed by m criteria;
and Z is the feasible region in the criterion space.
A vector is non-dominated, if and only if, it does not exist another vector such that
The set of all non-dominated criteria vectors is called the Pareto frontier. Then a solution is efficient or Pareto optimal if the corresponding set of criteria is non-dominated.
The exact formulation of the max-p-regions model can be written based on the general formulation of the multi-criteria program as follows:
(1) , with and Subject to, l i is the parameter of spatially extensive attribute value of territory unit i; th is the parameter of the minimum value of the attribute l at the districting scale;
In this formulation the decision variables are following binary endogenous variables such that:
In this formulation the optimal p number of districts k is unknown and when a district is created, it starts by its "root" elementary territory unit, which is assigned with order zero in district k (x i k,0 ). This model ensures that territory units i are assigned to district k according to the territory units adjacent to the "root" territory unit k0.
This is a mixed integer programming (MIP) model formulated as a multi-criteria
program, which the objective function (1) maximize the p number of potential districts k comprise by adjacent territory units i, while minimize the dissimilarity between territory units i and j. The two criteria considered in the optimization are not weighted, as usually. Instead, they are merged in a single value and the first term is multiplied by the scaling factor h, in order to achieve a hierarchy in which the number p of districts k comes first that the goal of minimize dissimilarity between territory units.
The dissimilarity goal depends on the binary variable value t i,j and the parameter The objective function will improve until a big enough value of p is attained such that, this solution will be preferred to any other with a small value of p. For the same value of p, solutions with lower dissimilarity will be preferred over other with higher dissimilarity. Although the value of objective function and decision variables is subject to the set constraints (2) to (6).
Constraint (2) ensures that each district k should not have more than one "root" territory unit, which is assigned with a order of zero (c=0). Constraint (3) imposes that to each elementary territory unit i should correspond at least one district k respecting the contiguity order c. According with constraint (4) any territory unit i is allocated to a district k at order c, if an adjacent territory unit j of i is also allocated to the same district k at order c-1.
In constraint (5) the value of spatially extensive attribute is calculate for each district k and has to be greater or equal to a minimum threshold, which is an exogenous parameter. This constraint plays an important role, once the number of districts created by the model is very sensitive to the value of the predefined threshold (th).
Finally, constraint (6), which allows to determine the pairwise of adjacent territory units i and j that should be considered for calculating the total dissimilarity at the objective function in the term of f 2 (t).
Results
The identification of variables that explain the population growth rate (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) started with the multiple linear regression analysis with a set of explanatory variables (cf. This estimation has a reasonable explanatory capacity (R 2 = 0,761).
Following the results obtained, were reduced the number of variables corresponding to the attributes which will be used to assess the dissimilarity. The estimation of model 2 (cf. table 2) was based on the variables identified as most significant in the model 1, including all the variables with p-value < 0,1. The results obtained with model 2 show us that the Population average age and Employed population rate in tertiary social activities are the variables that better explain the behaviour of the rate of population growth. The value and sign of the variable Employed population rate in tertiary social activities show us the relevance of non-tradable local services. These support services, to the population, contributes, produced by the third sector, in general, to increasing employment and improving the quality of life in local communities. In the case of variable School abandon rate either the value or the signal of the coefficient are the expected despite the p-value is not highly robust. In fact, as stated before, the relationship identified as positive relates economic growth as well as the increase in population, with improvement of human capital. Consequently, the dropout decreases the overall level of human capital, as well as the behaviour of economic growth.
After having identified the most relevant variables that explain the population growth rate in the period 2001-2011, we prepare them to obtain the dissimilarity criteria and apply the max-p-model. For calculating dissimilarity criteria, the relevant variables were normalized dividing its value in each parish by the average value of the respective county and then the normalized values were summed in a composite index. Through the difference between the indexes of two parishes one obtains its dissimilarity value.
In order to find a more efficient structure of parishes, a max-p-model was developed for each one of the counties considered in the sample and two different simulations under a baseline scenario and three alternative scenarios were made. The two simulations are based on two different types of spatially extensive attributes and their scenarios corresponding to different levels of the minimum threshold. In simulation 1 the spatially extensive attribute considered is the population size in each parish and in simulation 2 is surface in Km 2 . For both simulations were considered a baseline scenario, which regards the actual situation and three alternative scenarios corresponding to the parameterization of the minimum threshold value define in each county. For that parameterization was considered in the scenarios 1, 2 and 3 40%, 70%
and 100% of the respective spatially extensive attribute value, respectively. Tables 3 and 4 show the max-p-model results for the value of the objective function, total value of dissimilarity criteria and the number of parishes according to the respective minimum threshold used under the four scenarios considered in simulations 1 and 2, respectively.
For both simulations the max-p-model results in the baseline scenario represent the actual situation observed in the sample studied, which is an indication that the model could be well calibrated using in the specific empirical context of this study. In this scenario the minimum threshold considered for the spatially extensive attribute is below of the minimum value of either parish, which makes that model solution in this s ituation is determined only by the trade-offs between the two goals of the objective function.
In simulation 1 the total number of parishes in the baseline scenario is 67. Where we increase the minimum threshold of the population size to a value corresponding to 40% of the county average per parish, the number of parishes diminishes to 40. Thus, if
we impose that minimum population of each parish is at least 40% of the actual county average per parish, then we should expect a reduction of 40% on the total number of parishes. In the counties of Reguengos de Monsaraz, Évora and Redondo that reduction could attain 50%, and in Arraiolos, Estremoz and Montemor-o-Novo is higher than 30%. In the counties of Portel and Viana do Alentejo the number of parishes remains the same of baseline scenario.
In scenario 2, for which minimum population size in each parish should be at least 70% the county average value per parish, total number of parishes is 20,
representing an average decrease of 70% relatively to the baseline scenario. In the last scenario the minimum population size by parish corresponding to the county average value per parish, which leads that the number of parishes in the sample falls to only 17.
In these two scenarios all counties are affected by the diminution on the number of that diminishing the number of parishes one can achieve to more homogenous elementary territory units, as well as well as smaller differences between the various parishes in the same county and hence to a more efficient territorial partition.
. Similarly was made the estimation of this model from the variable surface size (Table 4 , simulation 2). The results also show that as we increase the degree of homogeneity in the variable under study -surface size -the number of parishes in each county decreases. These changes are more significant in the counties of Arraiolos, Évora and Viana do Alentejo (in this case, the simulation carried out gives to only one parish).
When comparing the results obtained from the simulations 1 and 2, we can conclude that the reduction in the number of parishes is higher from the variable population size. This means, on one hand, that initially the disparity between the number of inhabitants in each parish is larger and, on the other hand, the fact that some municipalities have very small populations. Source: Multi-criteria optimization model results
Conclusion
This paper discuss a framework for obtaining homogenous territorial clusters based on a Pareto frontier that includes multi-criteria related to the territorial endogenous resources, economic profile and socio-cultural features. This framework is developed in two phases. First, the criteria correlated with the development at the territory unit level are determined through statistical and econometric methods. Then, a multi-criteria approach is developed to allocate each territory unit to an agglomerate of territory according to the Pareto frontier established. The framework is applied to the context of a set of 67 parishes of 8 counties of the Alentejo Central region, southern Portugal.
The results of multiple linear regression analysis show us the most important variables in the explanation of the differences on the development in the area considered. We conclude, as expected, that the more elderly population or dropout rate, the smaller the area's development; the greater active population or the Employed population rate in tertiary social activities, greater development.
In the 2nd part of the analysis we started from the initial situation in terms of administrative organization of parishes. The results of Max-p-model shows that tests to increase the homogeneity between the parishes, from the variables population size and surface size, it is possible to reduce the disparity between the parishes, reducing the number of entities. The simulations show that the number of parishes may be lower if the analysis variable is the population size. This result takes into account the wide disparity inhabitants in parishes now existing, as well as the small number of inhabitants who live in most places.
As we have stated before, this work is a first draft to understand how the current economic and social characteristics of the parishes are in accordance with the respective administrative frontiers. The simulations showed how the number of parishes may be reduced taking into account the population and size of territory, based on some variables. In the future we intend to analyse, in particular, the case of some counties, to discuss the simulated maps of parishes. 
